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ABS TRACT

This s tudycompares thepaintremovingperformanceof methys edechlterciudera2d y

us edi nnon- methyl enechl ori depaintremovers ors olvents propos edasanalternative
chloridebychemi cal manuf alcdpaémas Eri ppi ngperformanceofthreemethyl enechl ori de
removers was thencomparedto26non- methyl enechl ori depaintremovers andfiveexperi
formulasusingalternativemethyl enechl drdsdechhemtsamd@ai ntremovers weretes ted
onlmonthandVYearagedwodpanelstreatedw thmul ti plelayersofanoil-basedalkydp:
s ol vent- borneepoxypa EMautd@oti vecoating.Forchemicallyresistantoil-basedal
s olvent- bornepoxypa i BMsaauhafoti vecoati ngs, onl ymethyl enechl ori debas edpaintre
wer edetermi nedtobeeffective.

BACKGR OUND

Methyl enechl ori dehas beenthepreferreds ol ventforus ei npaintremovers forseventy
methyl enechl oridewa s i ntroduced, mos tpaintremovers consistedofam xtureofbenzen
volatilesolvents s uchas methanol, acetone, a ndneinjrenmopdrestboen®] atedw th

thes evolatilesolvents areextremel yfl a mma bl ea ndtheflammabilityofthes epaintre
infirescausinginjurya nddesntzleneba s edremovers wererapidl yreplacedw ththe
methyl enechl oridepaintremovers becaus emethyl enechloridepaintremovers canbef ol
non-flammableandareeffectiveinremovingmul ti phephyeirsofphd na.clteristicsgive
themethyl enechl oridemol ecul ethea bilitytoquickl ypenetratemul ti pl el ayers andtos ¢
dissolvechem callyresis tebhygbarnéngsamM dedoes notdepl etetheozonel ayerandis
cons ideredtoma kenegligi blecontributions tos mogformation, thegreen- hous eeffect
i keotherorganics olvents, methyl enechl oridecanbeharmful tohuma nheal thifus edin

Cons umerdeof®i ntethmovers

Mos tcons umers us epaintremovers forrefinis hingantiqguefurniture, orwodworking’s
mol di ngs , etc.)inol der reorugodsthils ei tems ha vebeenpainted, andrepaintedma nyti mes
theyearshiTs res ul tsinitems havingmul ti plelayersofpaintcontainingdifferentchen
differentdegreeofdi ffiltaii bghrreommveRa i ntremovers areal s ous edi nthea utobodyrepai
i ndus trytohel pwithvehicleres toration.

Effectod PntChemi s trya ndAgeioh P

Thereisarangeofpainttypesthatacons umercanencounter whelmemd innpadingpi ng. T
chemi s tries thatcanbeencounteredi ncludel atex, urethane, 1- partepoxy, 2- partepox
type), lacquer, varnis h, ands hellacbasedpaint.Inrecenttimes, |l atexpainthastal
indus tryas thepainttechnol ogybf slpaiicretiTs rel ati vel yeas ytoremovew thpaints tripjy
butisals oapainttechnologythatpeoplewillnotfrequentl yencounteras theyarestrip]
Historically, enamelal kydbas edpainthavebeenthemos tpreval enThguseedmai nttechr
us edinal kydpaintdries byanoxidationreacti oihiebhioxyddeftbes ol vents has

eva pora tedfthema i nthdoxi dationreactionirreversiblycross-1linksthepolymers ha|
alkydresinmakingitverydifficulhtdot&ydpaihtconti nuesctrodsos ml i nki ngbonds as
thepaintages makingolderpainteditems evenhardertos trip.2-partepoxypaintis byf
difficultpainttechnol ogytoremove.ltis frequentl yus edinindustrialsettings.Forth
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experimental s tudi es outlinedinthisreportwillfocus ontheremovalofalkyd, 2- parte
OEMa utomoti vecoatings .

Basics afmtRmover Formul a ti on

Achemical paintremoveris compos edofa mi xtureofs ol vents, additives ands ometi mes
Tobea neffectivepaintremover, thes ol ventmus tbea bl etopenetratemul ti pl el ayers of
haves olubilitytocaus ethepainttos well whichbreaks thebondoftheple nttothes ubs tr
movementofthes ol venttfrepra i ntremovertothepaintlayeriscalldiffusionandisthere
theranddmneti cmovementofthes oheenttdof di ffus ionofisaffectedbythesizeofthe
solventmol ecul e(mol arvol ume)a ndthepolarityohdhémo)l emounppalSar mol ecul es wi ||
havea higherdiffusionrateintothecoatingthanmol ecul esthata helnmrgerormorepol a
effectivereplacements formethyl enechl oridewill bemol ecul es withthefoll owi nggene
characteristics, smaellpolarorhalogenatedmol ecules, five- membercyclicrings or
ringshds etypes of mol ecul es aregenerallyflammableandwillalsohavehealthands a

Addi tives , suchassurfactants, thickenersandparaffinwaxareaddedtomodi fytheph
ofthepaintremoverf.&ctants i mproves thewetti ngofthes urfacebythepaintremovera ndj
theus eofwaterforclean-upafterthepainthas heekener ppeaddddedtidaebbhdwmt

removers toclingtoverticaloreduwetbedva porationofmethyl enechlorideandother

s olvents i nthepaintremover, paraffianaxXifsiadaleadeBuces theevaporationofthe

s olvents byformingaphysicalbarrierbetwenthepai hemeimghéramndaf meThyl ene
chlorideoveraperiodoffivehourswas comparedtotheweightl oss ofapaintremovercor
tha n60%ethyl enechlorideandanevaporationretarderw thtfégeselts s hownin
Approxi matelgm@B ms of methyl enechl ori demraamk26f thepaintremoverwereplacedin
separatecontainers andthewei ghtofthes ampleremainingwas determi nedatti medi nte
30mi nutes , onl yo.f5t%es trai ghtmethyl enechl ori derema i nedi nitthercasntbtiofdhe

s tudys howedthatevaporationretarderiseffectiveinreduci ngtheevaporationrateof
chlorideftrltoapaintremover.As s hbinguneB8. 9%fthepaintremoverremainedafter 30

mi nutes and93.15¢ma i neda fterfivehaouresth&methyl enechl ori debas edpaintremover
(containingevaporationretardant)iseffecti vaeapggleird5mi pateshenomuntof

methyl enechl ori derel eas edi ntotheatmos phereduringthistimeismnimal, minimzir
ris ktotheproductustesmi n, onl y0. 6%themethyl enechl ori debas edpaints tripperformul
has eva porated.
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FigureXomparis onofwightl oss ofmthylenechloridetoamethylenechloridepaintren
formul atedwi thanevaporationretarderat70°F. Atlbmitheomihg. 6%echl ori debas ed
paintstripperformulahasevaporated.
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Toincreas etheperformanceofthepaintremover, anacidorabaseissometi mes addeda
Theactivatoristhoughttodi s ruptthebondbetweenthes ubs trateandthepaintandweaken
thechemi calorphysical bondsinthepol ymerthatis us edinthepaint.Formicacid, a mmo
hydroxi deandethanol a m nearecommonactivators us edi npaintremovers .

Toes tablis htheperformancecriteriaofmethylenechloridebasedpaintremovers, the
differentmanufactures wereevaluatedforconshambrbemefitisnpbrta ntcriteria
i nclude:

A Fastremoval ofthecoating, starts workingw thinl5m nutes .

B. Removal of manytypes ofcoatingsincludingoil-basedandepoxypaintsforarchif
coatings andfactorydpMal uted®ti vepaints

C Removalofmultiplelayerofcoatings

Othercriterialconsideredi ntheevaluationofthepaintremoverincludes thecos tofth
andtheVOcontentofthepaintremdeaiOClcontentofpaintremoversis | i%ibtyedto50

wei ght. Wencons ideringviabilityofapaintremoveritmus tbeconsideredthatthepaint
removedaregenerallyolderandmorechemicallyresistantthanmanyhdietsavailabl
wa ter- basedlatexpaintsarewidelyavailableandchemcallyeasilyremoved, theywe
common30ormoreyears ago.Furthermore, therearecoatingsincommonus etoda ythatare
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cons ideredmorechemicallyresistantthanwater- heasaegld aniexpas stisud@f ocus es on
themoredi fficult, chemicallyresistantoil-basedalkydands olvent- borntwo- parte

MATER ALSAND ME THODS

Theprocedureus edtotes ttheperformanceofthes ol vents andpaintremoversis bas edon
modi ficati onof TMdAS61892003)tes tmethotd Gda rdPcti ceforEvaluati ngtheEfficiencyof
Chemi caéovers forgd nicCoatingd)fMcationoftheprocedureincl wdBddushi ngi2
panelsinsteaxii@il@chpanels andthepanels weretreatedw thfivecoats oftheoil-bas
paintinsteadofthreecoats as des cribedinthepanel prepar dVin®r8®esdurei ntheAS
method.Bintedpanels aspeadhwereus edfors creeni ngexperi ments andpaintedpanelsag
yearwereus edforfinalefficacyvas oldadntsnahdpaintremovers wereappliedtothepa ne
us i nga pi petteins teadoffollowingmanufactures directions forapplTiMationascall
tes tmethodDuri ngthepaintremovalstep,scrappingwsperformedusingmoderateforc
plasticpaintscrapper.

Sol vene$ ecti ofires ol vents us edi nthis s tudyweres elekctedfsanmrrentl yus edi nnon-

methyl enechl oridepaintremovers, solvents recommendedas methyl enechl oriderepla
chemical manufacturers , A&Bwkirh®tBf Sol vents |l iechnical grades amples ofthes ol vents
wereobtainedandus edi nthis s tudy’s experimentalformul ations withoutfurtherpurific

PainttRmoverél ecti-ofthepaintremovers us edi nthis s tudywer epurlcchedwadfesotor es
orfromuppliersontheinternet.Compos itionandtheflas hpointofthepaintremovers ba
informationfoundi nttheelMa f 8tyDa ttee®ts (JMWS)arel i s tAppendi xAA | paint

removers wereus edasisintheexperi ments .

Experi mentai PERmoversBas edontheres ul ts ofthes ol vents screeni ngtes ting, twoal te:
methyl enechl ori des ol vents werei dentifiedas havings omepa hesresnolveempistential . T
wereformul atedi ntopaintremovers tha wnet@GebQui rementhr.éleother

experimental formul as bas edons ol ventchemi s tryutilizedbypaintremovers onthemar|
alsoformul atedi ntoexperi mental pai ntremdveeorstwinth esed/Ohatdd0Thes e

experimental paintremovers arelistedbel ow

A asolventbas edremoverbas edontol uene, methanol, andacetone
asolventbas edremoverbastedarsl; @i chl oroethyl ene, metha nol, andaceto
asolventbas edremoverbas edonl, 3- di oxol a ne, metha nol, a ndacetone
anemulsionbasedonbenzylalcohol

mo N w

anemulsionbasedondibasicesters (DBE)

Pained ectiofi|l-basedal kydpaintwasselectedtobeus edsinceithas historicallybe
predomi na ntl yus edpainttechnol ogyandcons umers aretypicallystrippingolderitens
mul ti pl el ayers ofthis typewdf-pmaimtcdmponentepoxypaintwas als oselectedbeca us eiti
themos tdi fficultpainttechnol ogytoremoveandis frequentl yus edi nhepas btya pplicat
us edwerepurchas eddtfomal hardwareorpainhegaieds purchas edforthis s tudyare
listedabTedl ongwi thnumbers ofl ayers ofpaintus edonthatgonpaypelof(paint

wa s us edforeachtes tpa nel .
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Ta bl elis tofpaint, painttypeandnumberofcoatings us edins tudy

Paitn Painybe Number of Coa ti ngs
Rus 40l eunfPr of es s i ona |l Hi gh
Performa ncelRPecti veEna mel Ext&iilerbas edal kydpa i nt 5
Gl os s
Twocomponentobh s ed
Sherwi nWl | i a mscMopoxy646 epoxypaint 3

1MonthAgedB nelrPepara tirockRdur &a ndedbirchpl ywobtd(X¥Ft. x¥W n.)wa s cuti nto

approxi matekilachpanel foMir-inchmul ti - purpos epaintrollerwas us edtoa ppl ytheco:
thedes i gnatedpainttothebirchpanels asabtednimeti alyerofpaintwes driedforfour
hours ata mbientcondi tions a ndthenwas placedi nal a booweroriyphtefatSOr g yer of
paintwestintedtoadifferentcolortoincreasethevis i biThielyolfdhegdhemsltd gers .
wentas fol | Bhsue=col orofftaintl ayerapphiedg® orofpaintl ayerapplied, Green=
color orfdﬁa intlayerappli ed:,cbéldrcrﬁf/‘pa intlayerappdd=td,sRtpaintlayerapplied.
Aftertheredcoatofpaintwas applied, thepanels werdahmsnatgsdiifohé&Da boratory.

Thetes tpanels werethens toreda ta mbi entcondi ti ons until neededforthes tri ppingtes !

1YearAgedPnel $ai ntedpa nel s a gedbingahy38a ys areonl ygoodforgivingdirectional da t:
ontheefficacyofapaints hespmpdeontlha gedpa nelsaretypicall yus edbytheformul ation
chemi s ttoquicklys creemewtri es tos eei ftheyhavethepotential ofbecomi nganeffica
paintremovereealityis thatcons umers aretryingtoremovemul ti plelayersofpaintof
aremanyyears ol d.As menti onedi nthei ntroduction, al kydpainttypes gethardertoremo
duetotheirchemi s tugefficacyvalidationofapaintremoverrequiresittobetes tedonAl
paintedboards thathavebeenall owedtoa ggéarafdsealsolr ds wereinitiallyprepared
inthes amema nner a srihbhettha gedboards , butwereal |l owedtos i tata mbi entcondi tions for
ayearpriortotesting.

Automoti vaePnelrPepara tHildrehoodf r oan2006Chevrol et!l mpSwasSpur cha s edi ngood
conditionwi ththefactorypai hehooadek.sTcl ea nedwi tha da mpcl otha ndus edi ntes ting

wi thoutfurthermodi fi caheioorigi hal paintwas us edonthehood, s othepaintjobduringren
testingwas atl gasrt8ol He® geofthis paintisnotas ofgreati mportanceduetothechemi s
beings tableoverti meincomparisontotheAl kydpaintwhichconti nues toreactandgets t

Nea t6l ventSreeniMga ts ol vents creeni ngwe s donelbbamgedboards togenerate
directionalefficacydataonchem calsthatmi ghtbepromisingtobeincorporatedinap
formul a ghidis markedonthepanelwithmas kingtapecreatingtes tcléli hsxalpproxi matel
in.forthes trippingtrials.Eachcellws!|abeledw ththena meofthes olventtobetes te
durationti meofthetd€3%tlbArgeCommerci pdrbgef ro3vMwa s cuttoa pproxi matel y4izedl
in.x¥%in.x4in.pieces wereplacedoneachtes tcell tocontrol eva porationandretainth
thetes tarea.Foreachs anhpfe,o2ventwas appliedtothes pongeandati merisstarted.
Addi tionals olventwas addedtothes ponges as neededtoens urethatthes olventremai ne
wi ththes urfaceofthetes tpanel.Attheti medi ntervals, thetestareawasscrapedusing
scraperandeval uatedfortheeffects onthecoatings andthenumberoflayers ofpaintre
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Experi mentai PeRhmoverSreeni nga ndVal i daxdgegri-mental paintremoverformulas were

tes tedomiontha gedboards togetdirectionalefficacydataincomparisontoacommerci:
removercompeti ti vesi etpiffoces s hel ps weedoutunderperformi ngformul as priortotes ti
valuablyehragedboarkdss ¥ a meexperi mentwas thenrepemebedopddal kydpainted

boards tovalidatethetrueefficacyoftheexperimentalandcommerciallyadvailablepa
gridwas markedonthepanel withmas kingtapetocreatetes tcel Isiaf.appirroxi matel yl

di mens iofe chcellwas!|abel edwi ththena meofthes ol venttobetes teda ndtheti medura ti
thetes t. Approxi ma trklof2Zhepaintremoverwas a ppliedtothecellandatimerisstarted./
ti medi ntervals, thetestareawasscrapedusingaplasticscraperandjudgedforthee
coatingandthenumbers ofl ayers of paintremoved.

Res ul ts

Nea t8l ventSreeni Nga ts ol ventexperi ments wer edaometdralgedpa i ntedboards forthe

s ol epurpos eof getti ngdirectionalefficacydatatodrivefuturenon- methylenechlorid
devel opmenheTes ul ts comparingtheperformanceof methyl enechl ori detothe22-alterna
solvents s el ectedared bsazBhegerformancewas eval uateda fter 15mi mutes , 30
andlhourw thnumberofl ayers ofpaintremovedandtheeffectofthes ol ventonthepaintno
Methyl enechl ori deperformedthebes tremovingallfivelayers ofoil-basedalkydpair
ofthetwo- componentoil - bas edepoxypainti mkbms nute2-.dli chl oroethyl eneandl, 3-

di oxol anewerei dentifiedasthebes tperform ngalternatesolventremovingallfivel:
bas edal kydpa i nbi m30es . Af tehrdlur, 1, 3- di oxol aneremovedtwol ayers ofthetwo- compone

oil-baseepoxypaint, howver, trans -1, 2-dichloroethyl enefail edtoremoveanyl aye
afteranhouesRilts fabims experi menthel peddri vedecisions onwhichchemicals coul dbe
newexperi mental paintremoval formulasthatdi dnotutilizemethyl enechlori de.

Ta bl elNea ts ol ventexperi ments wer edoomddrlgedpa i ntedboards forthes ol epurpos eof

. Epoxy(3iayers )
Chemical §8t) 5min
methyl enechl oride . - %%%;//g%%//é%
trans -1, 2dichl oroethyl ene %///«//Z{%f//ff//é o
1, 3di oxol ane %//g%@% %//// {{//
n- methyl - 2- pyrrolidone - %’?}/gﬂ%j/////////%/
acetone %%{%W%/ﬁ%//////y///ﬁ

di methoxymetha ne{methylal) %%W

n- butyl propi onate %%%%
|

di methyl s ul foxi d=q)OM . 2

di methyl carbonate

benzyl methyl ether

TOC({2, 5,7, 10tetra oxa undeca ne)

3- methoxy- 3- methyl - 1- butyl a M8t &\@Qle( M

Stepos olENI 10U

PCBTF/Oxs ol 100

3- methoxy- 3- methyl - 1- butMBjol { M

Eas tma m@i a (butyl - 3- hydroxybutyrate)

benzylal cohol

dibasices ters { VP

di butoxymethane{butylal)

propylenecarbonate

ElevanceCl ea n1200

s oya methyl es ter

glyercol formal

noeffectoncoating

slights ofteningofpaintbutnoremoval withplasticscr

painthass oftenedrequiringefforttoremovew thplas ti

painthas blisteredwithalllayers paintremovedw thpl
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gettingdirectionalefficacydatatodrivefuturefor mules til adsddwsed lopemttteRti ng
s howi ngthel ayers ofoil-basedal kydandtwocomponentoil - bas edepoxyremoved.

Theperformanceoftrans -1, 2-dichloroethyl eneandl, 3- diMaak a meeti vreqraoiviiing O

wa s thencomparedtomethyl enechl ori deandthrees ol vents n- methyl - 2- pyrrol i done, be
andDBEcurrentl yus edi ncommerciallyavailablenon- methylenechloridepaintremoves
res ul ts | i sTaddieS8Theperformanceofthes ol vents was eval uateda ftmrdGmsnutes , 30
lhourandBours withnumberofl ayers ofpaintremoveda ndtheeffectofthes ol ventonthep
notediTa bl e30nceagainmethyl enechl orideperformedthebes tbyremovedthecl earandcc
coatinfifteenm nokess.T1, 2- dichl oroethyl enea ndl, 3- di oxol aneremovedtheclearan
after 3 nutes whi IMM benzyl al cohol andDBEhadnoeffectonthepaintafteméourhours .N
theneats olvents, i ncludi ngmethyl enechloride, strippedalllayers oftheautomotive
thepri mernDyaformul atedpaintremoverwoul dremovealllayers ofanautomoti vecoatin

Ta bl e3Res ul ts of s ol venttes ti ngs how ngtthdé atyemstofv@pa i ntremoved.

Automoti veCoating
15mi n 30mi n ihrs . 4hrs .

methyl enechlori de %%/////%%//////////%%//////////%%////////////%

Chemi ca lga\t)

trans -1, 2di chl oroethyl ene ;%///%f/%/////%%/////////%%/////////////%
1, 3di oxol a ne %%%////////%%//////%ﬁ

n- methyl - 2- pyrrolidone

benzyl al cohol
dibasices teys (WP

Noeffect
Stri ppedclearcoatandtopcoat

Stri ppedclearcoat, topcoatandbas ecq

Experimental For milmtnoverSreeni ngomdnthAgedBoa rds

Experimental paintremoverformul a s wematrdhaexbalbloa rds togetdirectionalefficacy
dataincomparisontoacommercializedpaintremoverdonpredtébwelsedtpd weedout
underperform ngformul as priortotes ti ygamwagleubblplaerles tifes ul ts comparingthe
performanceofthreemethyl enechloridepaintremovers toS5experimentalformul as and:
non- methyl enechl ori depaintremovers ononemontha gedboar @#a blrefhes entedin
panels us edinthis experi mentwereeval uatedafter5m nuies yutEsnh dutenda0

hours wi ththenumbers of | ayers ofpaintstrippedbythepaintremoverrecorded.Fortes t]
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paintedwi thoil-basedal kydpaint, twoofthethreemethyl enechl ori dledepi ntremovers,
AircradmBvera ndKl earriSrPemi urfitri pper, s tri ppedallfivelayers oftheal kydpaintaft
mi nutes h8thirdpaintremover tKl g§ np-containsless methylenechl orideandtook15

mi nutes tos tri pthefivel ayersoftheal kydpaint.Experi mentawFea sl @asbd e®oa ndC
stripallfivelayers oftheoil-basedal kydpainti nl5mi nuteswakxperimmeatadFor mul a A
wi thtol uene, methanolandacetone.Experi mentanidlpomud asedithetwoa l ternate

s olvents identifiedinthealternateds ol vents tudya ndwetred os mu iactteldow obhihl ene,
metha nol, andacetoneandl, 3- di oxol ane, methanol, andacetone. Rapeadomeantal For mul
benzyl al cohol emul sionandExperi mental Formul a Ebas edona DBEemul sionfailedtos tr
oftheal kydpaintafterfourhours .Fifteenofthetwenty-sixcommercialnon-methylenec
removers tes teds tri ppedalllavyersofalkydpaintinfourhours .Eightofsixteenpainti
strippedtheal kydpaintwerefor mulMPt €dwietdfMhes i xteenpaintremovers were

formul atedforprofessionalstoremovea utomotiveoraircraftcoatings werebasedab
andhighlevel s ofanacthieretmri.fi ngtwoformul as werebas edondi methyl SO)l foxi de( DM
orcaus tic.

Forthepanel s paintedw ththetwo- componentoil - bas edepoxypaint, twofthethreemeth
chloridepaintremoversr,iiplAea mSaridRer a ndKl ebriSrPemi urBtri pper, s tri ppedtwo

layers oftheepoxypaintafter 15hmehhuiedpd i ntremover tKi g8 nfwXi chcontai ns

Il es s mthyl enechl oride, tookfourhours toremovetwl a yers beehkpepoxygpa adht ifd
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thecommercial paintremovers failedtos tripanylayers oftheemioxypasijndarti5a nd30
andfourhours .

Si ncetheexperimental formul a ssAhBweddd€mpa ra bl eeffi ca cryomthaegeda | kyd
paintedboardincomparisontothemethyl enechloridecontainingformulastheywereall
advanceontothevalidationtes tyb@nremgada | kydpai ntedboard.

FinalEfficacyValidationofExperimental Formul a ti ofesavALfeodBedirtdisononl

As s howni ntheres uldadbli a¥, Kl el nfPemi uritri ppertook15mi nutes toremovealll ayers of
paintonaydaragedpanel butonl y5mi nutes onthewadbrlgedpa nehed | terna tepaint
removers alsorequiredmoreti metostripalllavyersoftheal kydpaliettiomdtheea gedpa nel s
stripalllayersincreas edtoanhourmbompesedtoBifeExperi mental Formul as A B, a ndC
CownSa feraPi nt$i ps trippedalllayers of preoiunsaoimttdreXgpw nel s butfa il edtoremove
anylayers of paintopetthed gedpa nékeAppendi xBoravis uahohthandyearaged

panelsus edinthisvaliddheidofifesenicei nres ul ts betwoerthlregledpa nel 8 bh€4

andd bl e5is duetotheincons istend kyddadhiomtcures overa monthti me. Experi ments done
inB blederedonewi thonemonthboards createdondi fferentti meperi ods thésnus edi nta bl
theal kydpai ntedpanels age, theal kydres i nconti nues tocross |linkmakingthepaintm
stripoMeconsistentresultsareobtainedusingal kydpaintedpanels whichareagedfo
year.fontha gedpanelsareus edstrictlyfordirectional feedbackands houl dnotbeus e
thefinalefficacyofapaintremover.

TablebSValidationres ults ofpaintremovertes ti ngdomemariphd obles 7 g A kyd
paintconti nues tobondandgethardertoremoveeaaragedgpdi ntboards aremorerealis ti
onwha tthecons umerwi | | experiencewhil epaintstri ppemguliteapperimdtphRl ene
chloridebasedstripperisfarsuperiortothecurrentcompeti eiwexpetomiemndmd rket. N
formulas areextremel yfl a mma bl ea nddannfperfaosmurrentmethyl enechl ori de

formul ati ohediTfferencei nres ul ts betwoerthlzegledpa nel s bh€4d nd® bl e5i s due

tothei nconsistenci ed bythwavi ntcures overa monthti me.As theal kydpa i ntedpanels age
alkydresincontinues tocross|inkmakingthepai ntmomoeeichisciu$ teastespllvs are
obtainedal kydpaintedpanels whichareagedforatbaisatpeepyamel$ areus ed
strictlyfordirectional feedback.

Kl ea n- SrémiPufr i pper

Kl ea n- StriipSXi pper
Experinmental Formia A

p—
methyl enechl ori de/middoacidSol vent
nethyl enechi ori de/metha nol /tol uene/a cetone/X
tol uene/a cetone/metha nol

Experinental Formi aB 1, 2rans di chl or oethyl ene/a cetone/netha nol
| Experinmental FormiaC 1, #i oxol a ne(a cetone/metha nol
G tri s frfi sk ntV r ni $HiSppi n§FNVP/DE

Yea riQiB nel - A kydfyir s )

AN

VAN
N
NN

\\\\\\\\

Peel Awyl cal cihy \\\\\\\\ &\\“&\\\\N
Smrt¥ip water/benzylalcohol \ \ mm
Sa r 43§ pB wa ter /benzyl al cohol /for i caci d A\ AN

EZ3r i pH nta ndVa riniisph®r

DEE/tri ethyl phos phate

Li K7 8i nta ndVa rerieve?

a cetone/2- butoxyetha nol /DEE

O owsSa f enR nt6i p

DEE/DISD

\\\

\\\\\\\\

nol ayers of parietewoveiivthpl as ti cpai nts crape
painthas s of tenedr equi ri ngef f shplaretioseor b
painthas blidtaaddwayers of pai nttieployedic
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Tes tres ults comparingtheperformanceofthreemethyl enechloridepaintremovers tofi
experimental formulas andfivecommercialnon-methylenechlori ddfai ntremovers ona
automotivecoatingareld blte@illeTi vecommerci al non- methyl enechl ori depaintremover
wereformul atedtoremovea utomoti veoraircraftcoatingscontainingablendofs ol vent
activatieefifects ona utomoti vecoatingwas eval ua tedmifietrelsShaurd3nd4

hours .l yoneofthepaintremovers tes tedi, Kiexn@mdRer, s tri ppedalllayers ofthe
OEMa utomoti vecoating. Kt epAiScramdRers tri ppedtheclear, colorandbas ecoatinils
mi nutes andconti nuedtos tri pal hbaryemwstdhoditdryi ng. Kird pASr cramdRer i s

formul atedtoremovea utomoti vecoatings containingmethyl enechlorideandtheactiva
hydroxi de. Kl éainSPemi uritri ppera ndKltea mS i p-Xemovedthecl earandcol orcoatafter
15mi nutes butdi dnots tri ptheprimercoatafterfouthopPsmikiifga hppera ndKl ean

Stri paXemethyl enechloridepaintremovers butdonotcontainanactivator.Experimenta
A B, and@erealsoabletostriptheclearandcolorcoatafterl15m nutes butfail edtos tri
coataftdrolirs Experi mental FormalradEDa i | edtos tri pthea utomoti vecoatingafterfour
hours .D- Zol vel5r 3880l ventKl eenewa s theonl ycommerci al non- methyl enechl oridepainr
removertes tedthats tri ppedthea utomoti vecoati ng.sDa palival®en¥BRer des i gnedto
removeaircraftcoatings andtookfourhours toremovethecl earandcol orcoats.

Ta bl efRes ul ts of paintremovertes tENMohanmo®i veCoa ti ng.

Astonoti veloa ti ng

Pai néRover I ngr edi erstg)( M

Ki ea b iSpA r ceade@r methyl enechl ori de/nethanb)dTnbpdunxi de/xyl ene

Ki ea triSpRni ulir i pper methyl enechl ori de/netddancdy' 8l vent
Kl ea e iSpSi BtXi pper nethyl enechl ori de/methanol /tol vene/nonyl phenol etho
G tri s arfigel? nt& r ni srHiSpi ngGel NVP/DBE

W MBarr| Experimental Formd aA tol uene/a cetone/retha nol %//////////%//////////%%/////////%
Experinental Formi aB 1, 2trans di chl or cethyl ene/a cetone/metha nol W%/////////%f/////////%
Experi mental Formd aC 1, 3di oxol ane/a cetone/nethanol %%//%%//X/%%////%
Experinental Formé aD benzyl al cohol emi s i on
Experimental Formd aE DBEemd s i on

benzyl al cohol \s ol ventna phtha /2- ani noetha nol /nol
Jethoxyl a ted
benzyl al cohol /hydr ogenpr oxi de/s ol ventna phtha /gl
bi s { di nonyl na phthal enes uphonate) /a ni nes , cocoal
Dur R pPepd00Ber s preanyRer benzyl al cohol /pdtsdiéi'mtes /gl ycol i cacid/quatern
c onpounds /hydr ogenpr oxi de

D- Zol vel@tder (oa tiavgRer { i nmer s | oftmirikyl methyl es ter /ppdasx dafcycl i ca ni de

erijt'ZoI vel5{S8BRcraft) al kyl methyl es ter /patploitaybenzyl al cohol /methyl ph WM

Dur arlep200Coa tiengiver { Gel )

PPG Dur arep240i ndus tr i a | éevengBel )

Sl ventKI

Noef fect

§ri ppedcl earcoatandtopcoat %%/////%

§ri ppedclearcoat, topcoatandbas ecoat

Conclus ion

Theperformanceof methyl enechl ori dewas coapderndd?2? ol vents s el ectedas possible
replacements formethyl enechloridei npaésnti egmesrcsoniductedonthreetypes of paints

us i ngwoodpa nel s paintedwi thanoil-basedal kydpaint, woodpanels paintwithatw-c
bas edepoxypaintanddm@omoti vecoatiagsT 1, 2- dichloroethyl eneandl, 3- di oxol a ne
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i dentifiedas thebes tperformingalternates olventtes ted. However,thas edontheres ul
s tudy, noneofthealternatives ol vents tes tedweredeter m nedtobeanadequatereplace
methyl enechl ori de.

Bas edontheres ul ts ofthes ol vents s creeni ngtes ti ng, twos ol vents, trans -1, 2- di chl
di oxol aneweres el ectedas havingsomepaintremoverpotential andwereformul atedi nt
removers thatmetth@3VOC!| i mi tforpai ntremovreesother experi mentalformul as were
alsoformul atedbas edonatol uene, methanol andacetoneformula, abenzylalcohol emu
andaDBEemul s i onformhirzeTethyl enechl oridepaintremovers werethencomparedtothef
experimental formul a and26commerciallyavailablenon- methyl enechl oridepaintrem
theres ults ofthepaintremovers tudy, noneoftheexperi mental formulas orthe26non- met
chloridepaintremovers weredeterm nedtobea nadequatereplacementformethyl enechl
removerserPforma nceoftheexperimental formul as bas edontrans -1, 2-dichloroethyle
di oxol anewas determi nedtobenobetterthantheexperimental formul a bas edontol uene,
andacetone.

Methyl enechl ori dehas beenthepreferredforus ei npaintremovers fors eventy.Cons ume
thatpaintremovers tobea bl etoremovema nytypes ofcoatings, removemul ti pl el ayers o
andtostartworkingw thinl5mi nutes a ndqui ckl yr emowdtdeenehfténtg.iepa i nt

remover, thes ol ventmus tbea bl etopenetratemul ti pl el ayers of paintandhaves ol ubili
painttos well whichbreaks thebondofthepai nttothes iubsafrtthes. 3l ventmol ecul ea nd
thepolarityofthemol eculeaffects ratethes ol ventpendEmmovesnemdoddtteng. T
solventftbepaintremovertothepaintlayeriscalldiffusionandistkienesiu tofthera
movementofthes ol ventmol eaqnd ekelS, nonpol armol ecul es will havea higherdiffusionre
thecoatingthanmol eculesthatarelarger dbremoprepdfectiilvereplacements for

methyl enechl oridewi || bemol ecul es wi ththefoll owi nggeneralcharacteristics, s mal
halogenatedmol ecules, five- membercyclicrings orsix- nelniblee metdph éherings .U
chloride, thes etypes of mol ecul es aremos tlikelyflammableandpossiblywillhaveas
toheal thands afety.
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Appendi xACompos i ti onof REeRmovers a ndFl @asmiR s i s teditrevli a f §tyDa thee®ts

Ingredi entSO$)M

Fl a s diPnt

W.M.Barr

KleanBipAircraft

noflas ht

Remover

boiling

Kl eanbi pPemi um

Stripper

methyl enechloride

75- 09- 2
67-56-1

methyl enechlori de 75- 09- 2 60-100
metha nol 67- 56-1 5-10
a mmoni uhydr oxi de 1336- 21- 6 <5
xyl ene 1330- 20- 7 <5
hydrotreatedlightdi ;t6i4l7l45_tf7_ o <5
{petrol eum)

fattyacids oap 68132- 50- B <5
ethyl benzene 100- 41- 4 <3

60-100
10-20

Kieansig8ip-X

30°F

Stripper

Ctristrnipdpi ngGel

methyl enechlori de 75- 09- 2 30-40
metha nol 67- 56- 1 15- 26
acetone 67- 64- 1 <10
xyl ene 1330- 20- 7 <10
tol uene 108- 88- 3 <10
ethyl benzene 100- 41- 4 <5
ethylal cohol 64- 17- 5 <5
isopropylalcohol 67- 63- 0

n- methyl - 2-pyrrolid 872- 50« 30~ 60
di methyl adipate 627- 93- 10-30
di methylglutarate 1119- 40~0 10-20

acetone

67- 64- 1

>200°F

Experimental For rml| tol uene

108- 88- 3

Experi mental For mul

metha nol

67- 56- 1

67-64 1] 40-50
trans-1 2-dichloro} 646- 06-0 40-50

67-56-1] <10 |

acetone

67- 64- 1

Experi mental For m,ll| 4,C3- di oxol a ne

646- 06- 0

Experimental For mul

metha nol

67- 56- 1

benzyl al cohol 100- 51- 6 20 - 40

alcohol ethoxylate
{alcohols, c9 11,
ethoxyl ated)

68439 46-
q

18cv794 NRDC v EPA

wa ter 7732- 15- 40-60
di methyl a di pate 627- 93-0 10-30
di methyl gl utarate 1119- 40- 0 10-20
. noflas ht
Experimental FormulaBEarch 9005- 25- § 5-20 Lo
boiling
alcohol ethoxyl ate
(alcohols, 9 11, 68439- 46- B <5
ethoxyl ated)
ED_00

1632A_00000252-00015



Dumond

Pai nefmover

Peel Awa y1

Peel Awa y59yBa s ed

Peel Awa y7

Ingred

calcilgdroxide

i entsO$)M

1305- 62- (

Weight%

ma gnes i bydr oxi de

1309- 42- 8

16

s odi umydr oxi de

1310- 73- 2|

benzvl al cohol 100- 51- 6 20 50
n- methyl - 2- pyrrolid 872 50-4 25-35
fattyacidmethyles te] 67784- 80- 15- 20

°F

di methylglutarate 1119- 40- 0
dimethyl adipate 627- 93- 0

alpha-(4- nonyl phen
omega - hydroxy- pol y{
1, 2, ethanediyl )bra

25-35

Ecoprocote

EZStrip

Frammar

Mots enbockgr

benzyl al cohol 100- 51- 6 20-40
n- methyl - 2- pyrroli don&72- 50- 4 10-20
alpha-{(4- nonylphenyl)-

omega - hydr oxy- pol y{|ox427087- 0 <2
1, 2, ethanediyl )branched

di methyl glutarate 1119- 40- 0 25— 35
di methyl a di pate 627- 93- 0

7737 185-{ 40-60
benzylal cohol 100- 51- 6 30-50

wa ter

13463- 67-

7732- 18- §

benzylal cohol

100- 51- 6

Sma r tBri pho

titanidivoxi de

13463- 67-

EcoFas tHPa vyDuty
Paint$ipper

formicacid

64- 18- 6

wa ter 7732 18- 1 Trade
Secret
benzyl alcohol 100- 51- 6 irade
Secret
. - Non- Trade
Bio- Bas edEmul s i on Haza rdou Secret
Sol vent- Fheekeners Nen <1
Ha zardou
Solvent- Fueé8 cta nts Hono 1-5
Ha zardouy

di methyl a di pate

627- 93- 0

EZStri pePi nta ndVa r 1

i nethyl s uccinate

106- 65- 0

Stripper

di methyl gl utarate

1119- 40- 0

Soy- GelaP nta nd
Varnisthbpper

triethyl phos pha te

78- 40- 0

_
—

Proprietahiylkeninga . .
SurfactantBl end fropricta L

i ftofBintandVarni

Remover

acetone 67- 64- 1 <10

2- butoxyetha nol 111- 76- 2| Notlis ted
di'methyl a di pa te 627- 93- 0] Notlis ted
di methyl s ucci nate 106- 65- 0| Notlis ted
di methyl gl utarate 1119- 40- 0| Notlis ted

Fl a s &iPnt

none

>200°F

f1la mma blle

notlis teld

>200°F

notlistel|d

18cv794 NRDC v EPA
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Ingredi entSO$)M

Compa ny PaineRover . Wei ght% Fl a s &iPnt

di methyl s ul foxide 67- 68-5
di methyl glutarate 1119- 40- 0
di methyl s uccinate 106- 65- 0
di methyl a di pate 627- 93- 0

alcohol ethoxyl
xylate Notl s ted
surfactant

benzylal cohol 100- 51- 6 15— 40

s olventnaphtha

Dur aPep200oa ti ng (petroleum llghtar
Remover
nonyl phenol, branch
ethoxylated

benzyl alcohol 100- 51- 6 -
hydrogenperoxi de 7722- 84- 1 5-10
s olventna phtha
petrol eum), heavy 64742- 94- % 37
aromatic 178°F
baridms {(di nonyl-
na phthalenes ul phon

amines, cocoal kyl,
1791- 14-
ethoxyl ated 6179 0.

1._
2- (methoxymethyl etho 34500.94. 4 30-60
propanol

g:f;':e"f:gfgr di methyl s ul foxi de &7 65 5] 713 |
: dimethylglutarate | 1119-40-0] 5-10 |
benzyl al cohol 100- 51- 6] 5-10 |

Trade
alkyl methyl es ter Proprieta|r
D- Zol velORauwer Y Y pr Y secret

eCoa ti ngRover pota s s hydroxi de 1310- 58- 3 2-5
cyclicamde 72- 50- 4 5-30
Mul titrS pPofes s io
Paintfmover
benzyl alcohol 100- 51- 6 -
n- methyl - 2- pyrroli don&72- 50- 4
formicacid 64- 18- 6
non- hazardous componentd/A -
Sunnys i de | ReadySri mSferaPi nt& n-methyl - 2- pyrrolid 872-50 4] 5-15 |
Varnisembver

Packaging
services Co CrownPaint$i pdkt

PPG Dur aPep24d ndus tri g ‘
Coa ti nghover

5 %(53§19— 56-1 0.1-1

Sol ventKl ee

Rea dy$ri pPo

n- methyl - 2- pyrroli don&72- 50- 4 35-50

di methyl glutarate 1118- 40- 0 20-35

di methyl a di pate 627- 93- 0 5-20

di methyl s ucci nate 106- 65- 0 3-5

Rea dySripSay monoetha nol a mi ne 141- 43-5 1-3 205°F

78- 96- 6

isopropanolam nemi|xttl@ 97- 4 2-5
122- 20- 3

non- hazardous componentN/A 45~ 50
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Ingredi entSO$)M

PaineRover Wei ght% Fl a s &iPnt
n- methyl - 2- pyrroli don&72- 50- 4 35-50
di methyl glutarate 1119- 40- 0 20-35
di methyl a di pate 627- 93- 0 5- 20
di methyl s ucci nate 106- 65- 0 3-5
Rea dySripSay monoetha nol ami ne 141- 43-5 1-3 205°F
78- 96- 6
isopropanol am nemi|xttie 97- 4 2-5
Sunnys i de 122- 20- 3
non- hazardous compolnentd/A 45-50

n-methyl - 2- pyrrolid 872 50-4 35-50
di methylgl utarate 119- 40- 0 2035
di methyl adipate 627-93- 0] 5-20 |
°F
Ultraebp diethyl iweinaie | e s Y
64- 18- 6
non- hazardouscompo N/A | 5-35 |

Tra de
Secret
Trade
Secret

Trad
di methyl a di pa te 627- 93- 0 race
Secret

; Trade
nomethyl 2 pyrrolig 872 50 4
. 5212°F

n- methyl - 2- pyrroli don&72- 50- 4

TSW2 Mul ti aMter di methyl gl utarate 1118- 40- 0

TSW2G Mul ti aNMter Trade
i 1 gl 111 -
( Gel ) di methylglutarate 9-40- 0 -
Thi stf f Wr ks di methyl a di pa te 607 o3 g lrage
Inc Secret

Trade
t hudh id 1310- - 3
TSW3G ( Gel ) Ms on- pota s s fydroxi de 3 >8 Secret

Ma s ter T
butyl celios olve 11- 76- 2 rade
Secret

Trade
i | 1119- 40-
di methyleglutarate Secr et
i >212°F

TSWOPlastasMer dimethyl adipate 627- 93-0
Secret
roprietarysurfact Trade Trade
- . ] Secret Secret

n- methyl - 2- pyrroli don&72- 50- 4 25-50
di methyl glutarate 1119- 40- 0 25~ 50
. ., ., di methyl a di pate 627- 93- 0 2.5-10
z M - ot 199°F
tnsser agieBipGtrus - Ak on s wccinate 106- 65- 0| 2.5-10 g
monoetha nol ami ne 141- 43- 5 2.5-10
d-1imonene 5989- 27-9 1.0-2.5
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Appendi xBhotographs comparingtes tres aindagredew nel s paintedw thanoil - bas ed
alkydpaint.

Fi gureBes ul ts of s tri ppings creeni ngpasngdbhamoavth- a ged)ntedw tha noil -
basedal kydp6Goilmnn1li s Kl eanbpPemi urhmethyl enechl ori del€olsumih)2i s

Stri pmXthyl enechl ori debas ed(! oGelrdinn3ils)a nexperi mental formul acontaining
tol uen€l umdi s a nexperimental formul acontainingtrans- 1C@Furinth| oroethyl el
isanexperimental formulacontainingl, GldimnmwélsaCnerusd tri p(coviRains N
andDBE).Bl ue¥ paintlayerapphi Ed%”\?\ba intlayerappli edBrépaérm:tI avyer
applied, Ye=l4“6pm intlayerappdd=%ad,sRtpaintl ayerapeil nglSnol a yers of
paintweres tripped.

1 2 3 4 5 6

5 min

15 min

30 min

1hr
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FigureRes ults ofstrippingvalidationtes tbbhayemgedapgeiditedw tha noil -
basedal kydp@olnumnli s Kl eanbpPem uhmethyl enechl ori del€elsumh)2i s

Stri pmXthyl enechl ori debas ed(! oGelrdinnvdils)a nexperi mental formul acontaining
tol uen€l umndi s a nexperimental formul acontainingtrans- 1C@Furinth| oroethyl el
isanexperimental formulacontainingl, GldinwelsaCnerusd tri p(coviRains N
andDBE).Bl ue¥ paintlayerapphi edi”\?\ba intlayerappli edsrépaérm:tl avyer
applied, Ye=i4“6pm intlayerappdd=ad,sRtpaintl ayeraepeil ngiSnol a yers of
paintweres tripped.

1 2 3 4 5 6

5 min

15 min

30 min

1hr
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Fi gureBes ul ts of s tri ppings creeni ngpasngdbhamoavth- a ged)ntedw thanoil -
basedal kydp€@olrumnli s ®el Awa y{ca us ti cbaGoédim2i srBa rtdri p(benzyl

alcohol ba €Coddynn3i sBa rtbri pPo(benzyl al cohol ba s edw thf codiuoa &iisd),

EZs tri p(DBEa ndtri ethyl phdobbmant®i)f tOf (a cetonea nd2- butoxyetha nol a ndDBE
bas ed)aCod umn6i s&feraPi nt$i p(MAa ndDBEba s ed).Bl tépaintl ayerapplied,

Whi tei“dpa intlayerappli edsrépeém\:tl averappli eek,4V’epIal iomt] a yera pplied,

Red=l as tpaintlayeragilrigRi=%ol ayers ofpaintwerestripped.**Ingredients of
competitiveproducts ci MSBErord/or GCnalysis .

1 2 3 4 5 6

30 min|

1hr

18cv794 NRDC v EPA ED_001632A_00000252-00021



Fi gureBes ults ofstrippingvalidationtes tbbhayemagedapgeiditedw tha noil -
basedal kydp€olnumnli s ®el Awva ylcaus ti cbaCGoébdim2i sBa rtbri p(benzyl

alcohol ba €Cddynn3i sBa rtbri pPo(benzyl al cohol ba s edw thf dodiuoa &iisd),

EZs tri p(DBEa ndtri ethyl phdobbrmant®i)ftOf (acetonea nd2- butoxyetha nol a ndDBE
bas ed)aGod umn6i s&feraPi nt$i p(¥A@a ndDBEba s ed).Bl tepaintl ayerapplied,

Whi tei"dpa intlayerappli edsrépaém\:tl ayerappli ed,lﬁe)lal iomt| a yera pplied,

Red=l as tpaintlayeraggilrighRi=%ol ayers of paintwresiripped.**Ingredi ents of
competitiveproducts ci MSBBeord/or GCnalysis .

1 2 3 4 6

30 min

1hr

4 hrs

18cv794 NRDC v EPA ED_001632A_00000252-00022



Authors

Ma ttheld. Petkus s theDirectoeotBrcha ndDevel opmendaBaWr a ndi s a nexpertin

s tudyi ngtheproductus agehabits ofcons umers .Duringhiscare@i afdwsrthignti ntheCP
hastravel edands tudi edthecons umer productus agehabitsinArgehima,ltaly, Japan,
Germa ny, a ndi nt9%®eMos trecentl yaMWBa rr,aMtha s partici patedinanethnogra phys tudyi
thelBAfocus edonobs ervingcons umerus eha bi ts of pai nts ta i plpelr ¢s thibePnsd. M

Ma s ter’s Degreei nChemi s Ariyfooambtebi vers i tytMecei vedhi s Ba c heill emodiSn

Chemi s tryfridmthi vers i tyiof Wons hnidWa teroMtrecentlayitvlecei vedhis tMr’s

degreei nBductDevel opmenta ndDes ngrgdmentf riNemthwes temalbers i ty.

Ti mothyG.da gues aehi oreR earcb& el opmentChemi s taMBd rra ndi s res pons i bl efor

devel opi ngpewducts forthecons umermarket.Duringhisthirty-yearcareer, hehas work
Res earch& el opmentChemi s tf or mul a tiomgn@wer a ndi ndus trial productmd hthgs a Q

As s uranceChem s ts upportingmanufacturi ngasctéavicth8wsel AsparBntChemi s t, hehas
formul ateda wi derangeobnewmerandi ndus trial products includingcoatingsforexteri
kitchencabinetstains, paintremovers, thinnersforcoatings, andcllemsnangandothe
Ba chel orof 8ncei nChemical Engi neethalfirmeems i tyof AAkans as atFayetteville.

18cv794 NRDC v EPA ED_001632A_00000252-00023



